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1 Principles of Magnetic Resonance Imaging, Page 2 
2 Magnetic Resonance Imaging, Page 1 





























4 The Basics of NMR 
























































9 Principles of Magnetic Resonance Imaging, Page 70 






































































































14 Fischer, Greg, Axel Krieger, Iulian Iordachita, Csaba Csoma, Louis Whitcomb, and Gabor Fichtinger. 
























































































































































































































 Minimum of 15.3 centimeters (6 inches) of end-to-end travel 
 Uniquely measurable 0.1 millimeter (0.004 inch) mechanical steps 
 At least 20 Newtons (4.5 pound-force) output 
 End-to-end travel in 15 seconds 
 Control system must be able to run six actuators 
Qualitative: 
 Mechanism must be able to lock, and the fail-safe state should do so automatically if 
a pressure loss occurs. 
 Manual mode should be included to allow the operator to slide the mechanism to the 
proper location.  Step increments must resume without jumps. 
 Compact size. 
 Easy to interface with duplicates to create multiple degree of freedom machines. 
 Full MRI-Compatibility: 
o No ferrous metals 
o No large conductive parts, MRI Machine image should not be noticeably 
distorted 
o No on-board electronics for drive and sensing. 
 Cable running from machine should be small and robust carry only air lines and fiber 
optic cables. 
 Mechanism’s motions to create forward and backward steps should be unique to 
ensure predictable output. 
 Mechanism must be scalable in force, range, and step size. 
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 * MRI MQP 
 * 









#pragma config FOSC = INTOSC_HS 
#pragma config WDT = OFF 
#pragma config PWRT = OFF 
#pragma config LVP = OFF 
 
void main(void) { 
 
 //unsigned char a0, a1, a2, a3;  




 D0val = DON; 
 D1val = DOFF; 
 D2val = DON; 
 D3val = DOFF; 
 
 while(1) { 
  //ADCON0 |= 0x00; 
  Delay10KTCYx(25); 
  ADCON0bits.GO = 1; 
  while(ADCON0bits.NOT_DONE); 
  adcVal = (unsigned short)(ADRESH) << 8 | ADRESL; 
  D0val = (adcVal & 0x0001) ? DON : DOFF; 
  D1val = (adcVal & 0x0002) ? DON : DOFF; 
  D2val = (adcVal & 0x0004) ? DON : DOFF; 
  D3val = (adcVal & 0x0008) ? DON : DOFF; 
  D4val = (adcVal & 0x0010) ? DON : DOFF; 
  D5val = (adcVal & 0x0020) ? DON : DOFF; 
  D6val = (adcVal & 0x0040) ? DON : DOFF; 
  D7val = (adcVal & 0x0080) ? DON : DOFF; 
  D8val = (adcVal & 0x0100) ? DON : DOFF; 
  D9val = (adcVal & 0x0200) ? DON : DOFF; 
  D10val = (adcVal & 0x0400) ? DON : DOFF; 




/* Initialization */ 
void init(void) { 
 /* Use internal oscillator */ 
 OSCCONbits.SCS1 = 1; 
  
 /* Turn off the Watch-Dog Timer */ 
 WDTCONbits.SWDTEN = 0; 
 
 PORTA = 0x00; 
 ADCON0 = 0x01; 
 ADCON1 = 0x0E; 
 ADCON2 = 0xBF; 
 CMCON = 0x07; 
 
  91
 D0dir = OUTPUT; 
 D1dir = OUTPUT; 
 D2dir = OUTPUT; 
 D3dir = OUTPUT; 
 D4dir = OUTPUT; 
 D5dir = OUTPUT; 
 D6dir = OUTPUT; 
 D7dir = OUTPUT; 
 D8dir = OUTPUT; 
 D9dir = OUTPUT; 
 D10dir = OUTPUT; 
 D11dir = OUTPUT; 
 
 /*A0dir = INPUT; 
 A1dir = INPUT; 
 A2dir = INPUT; 




/* One microsecond delay */ 










#define OUTPUT 0 
#define INPUT 1 
#define DOFF 0 
#define DON  1 
 
#define NUM_PINS 4 
 
#define D0dir TRISAbits.TRISA3 
#define D0val LATAbits.LATA3 
#define D1dir TRISAbits.TRISA2 
#define D1val LATAbits.LATA2 
#define D2dir TRISAbits.TRISA1 
#define D2val LATAbits.LATA1 
#define D3dir TRISDbits.TRISD1 
#define D3val LATDbits.LATD1 
#define D4dir TRISEbits.TRISE1 
#define D4val LATEbits.LATE1 
#define D5dir TRISEbits.TRISE0 
#define D5val LATEbits.LATE0 
#define D6dir TRISDbits.TRISD0 
#define D6val LATDbits.LATD0 
#define D7dir TRISCbits.TRISC0 
#define D7val LATCbits.LATC0 
#define D8dir TRISCbits.TRISC1 
#define D8val LATCbits.LATC1 
#define D9dir TRISCbits.TRISC2 
#define D9val LATCbits.LATC2 
#define D10dir TRISAbits.TRISA4 
#define D10val LATAbits.LATA4 
#define D11dir TRISAbits.TRISA5 
#define D11val LATAbits.LATA5 
 
void init(void); 
void delay1us(void); 
 
#endif 
 
